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ABSTRACT 

FROM: R. L. Selden 

A performance a n a l y s i s  of t h e  communications t h a t  
could be obta ined  between t h e  Ea r th  and an a s t r o n a u t  on t h e  
l u n a r  s u r f a c e  us ing  the  ex i s t ing  extravehicular z z ~ r m n i c a t i ~ n s  
system shows t h a t  VHF voice  t o  t h e  a s t r o n a u t s  and a VHF key 
mode from the  a s t r o n a u t  i s  f e a s i b l e ,  The e a r t h  based VBF 
s t a t i o n  could c o n s i s t  of a 60 foot  diameter a n t e n n a  system and 
a one k i l o w a t t  t r a n s m i t t e r .  T h i s  communications conf igu ra t ion  
would r e q u i r e  very l i t t l e  o r  n o  change t o  t h e  e x i s t i n g  back- 
pack communications system and could be used e i ther  as a back- 
up system t o  normal communications modes o r  as a minimal l i n k  
anytime the  a s t r o n a u t  is n o t  i n  l i ne -o f - s igh t  of t h e  LM on the 
l u n a r  s u r f  ace, 

Changes r equ i r ed  t o  implement a system of t h i s  type  
i n c l u d e  those  involved i n  providing a t r a n s m i t  c a p a b i l i t y  a t  
VHF t o  e x i s t i n g  e a r t h  based te lemetry antenna systems, a new 
key demodualtor and a new antenna system f o r  the  a s t r o n a u t s '  
backpack communications system. 
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MEMORANDUM FOR FILE 

Now t h a t  t h e  f i r s t  l u n a r  landing  has  been success  
completed, t h e r e  is high i n t e r e s t  i n  f u t u r e  e x p l o r a t i o n  missions 
t o  the Koon. 
on l u n a r  e x p l o r a t i o n  is  t h a t  implied by t h e  e x i s t i n g  e x t r a -  
v e h i c u l a r  a s t r o n a u t  (EVA) t o  Ear th  communications system. 
S p e c i f i c a l l y ,  the  p r e s e n t  system w i l l  n o t  provide  communication 
between t h e  E a r t h  and an EVA when both EVA'S are o u t  of l ine-of -  
s i g h t  of  t h e  Lunar Module (LM). Most mission p l anne r s  of f u t u r e  
s c i e n t i f i c  missions would l i k e  e x p l o r a t i o n  t r a v e r s e s  t h a t  
r e q u i r e  both a s t r o n a u t s  t o  be o u t  of l i ne -o f - s igh t  of t h e  LM f o r  
some pe r iod  of t i m e .  Operations people ,  a t  t h e  same t i m e ,  a r e  
g e n e r a l l y  n o t  w i l l i n g  t o  have the a s t r o n a u t s  o u t  of communication 
w i t h  Ear th  (MCC) f o r  any s i g i n i f i c a n t  pe r iod  of t i m e .  Several 
methods of overcoming this c o n s t r a i n t  have ,been and are being 
i n v e s t i g a t e d .  Among these are: ex tens ions  of  t h e  p r e s e n t  
system (e.g. h ighe r  antennas on both t h e  LM and EVA) ,  l o w  
frequency s u r f a c e  wave propagation systems us ing  t h e  LM as a 
r e l a y ,  d i r e c t  EVA t o  Ear th  s y s t e m s  a t  S-Band and drop w i r e  
s y s  t e m s  . 

One constraii i t  that always 22raes up i:: discussions 

There i s  a p o t e n t i a l  mode of o p e r a t i o n ,  us ing  e x i s t i n g  
EVA systems, t h a t  apparent ly  has  n o t  been considered.  The 
q u e s t i o n  t h a t  needs answering i s  what c a p a b i l i t y  e x i s t s  d i r e c t  
t o  E a r t h  us ing  t h e  p r e s e n t  EVA e x t r a v e h i c u l a r  communications 
system (EvCS)? Obviously, only l i m i t e d  c a p a b i l i t y ,  i f  any, would 
e x i s t  when us ing  t h e  EVCS i n  a d i r e c t  t o  Ea r th  mode s i n c e  it w a s  
o r i g i n a l l y  designed t o  opera te  t o  t h e  LM a t  a range of a few 
k i lome te r s .  

The EVCS as p r e s e n t l y  implemented is  a VRF system i n  
t h e  250-300 MHz band t h a t  provides  communications between 
a s t r o n a u t s  on t h e  l u n a r  su r face  as w e l l  as between t h e  
a s t r o n a u t s  on t h e  l u n a r  su r face  and t h e  LM. The LM acts  a s  a 
r e l a y  between t h e  a s t r o n a u t s  and Ear th  enab l ing  t w o  way voice  
and t e l eme t ry  f r o m  each a s t r o n a u t  t o  Earth.  The t e l eme t ry  d a t a  
from each a s t r o n a u t  i nc ludes  an EKG measurement as w e l l  as 
s t a t u s  d a t a  on h i s  p o r t a b l e  l i f e  suppor t  system. One a s t r o n a u t ' s  
EVCS has  t h e  c a p a b i l i t y  of r e l a y i n g  voice  and t e l eme t ry  from 
the o t h e r  a s t ronau t .  This allows one a s t r o n a u t  t o  go beyond 
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l i ne -o f - s igh t  of t h e  LM and cont inue t o  communicate w i t h  Ear th  
as long as t h e  f i r s t  a s t r o n a u t  i s  w i t h i n  l i ne -o f - s igh t  of 
both t h e  LM and second a s t r o n a u t .  The range over  which 
communications can be maintained w i t h  the  p r e s e n t  system i s  
approximately 2 .5  km when both a s t r o n a u t s  a r e  i n  l i ne -o f - s igh t  
of t h e  LM and about 4.5 km when t h e  system i s  opera ted  i n  t h e  
r e l a y  conf igu ra t ion .  ( T h i s  assumes a smooth moon.) 

A performance a n a l y s i s  (see Tables I and 1 I )o f  t h e  
p r e s e n t  EVCS working d i r e c t l y  t o  Ear th  shows t h a t  u sab le  
q u a l i t y  voice  can be t r ansmi t t ed  from Ear th  t o  t h e  EVA from an 
Earth s t a t i o n  equipped w i t h  a 6 0  f o o t  diameter class,  antenna 
system and a one k i l o w a t t  t r a n s m i t t e r .  The up-iink chamiei 
provided i n  t h i s  manner should be of about t h e  same q u a l i t y  
a s  t h a t  now re layed  through t h e  I 3  when t h e  EVA i s  i n  l ine-of -  
s i g h t  of t h e  LM. The t ransmiss ion  c a p a b i l i t y  of t h e  l i n k  from 
t h e  EVA t o  Ea r th ,  however, i s  very  minimal. Table I1 shows 
t h a t  only a key mode is  a v a i l a b l e  again assuming a 6 0  f o o t  
diameter  antenna system on Earth.  T h i s  rudimentary down l i n k  
would n o t  be able t o  provide vo ice  and biomedical and PLSS 
t e l eme t ry  b u t  t h e  a s t r o n a u t  would be a b l e  t o  t r a n s m i t  by key 
code informat ion  on h i s  s t a t u s  (e.g. AOK) and t o  r e a d i l y  
answer ques t ions  asked from Earth.  I f  t h e  PLSS monitor ing 
system i s  operable  and assuming t h e  a s t r o n a u t  can judge h i s  
own phys ica l  cond i t ion ,  t h e  system suggested here would 
provide a m i n i m a l  communications l i n k  r equ i r ed  t o  ope ra t e  f o r  
those pe r iods  of t i m e  when t h e  E V A ( S )  is  o u t  of l i ne -o f - s igh t  
of t h e  LM a s  w e l l  as a back up f o r  f a i l u r e  of t h e  LM system 
w h i l e  an EVA i s  communicating w i t h  E a r t h  us ing  t h e  LM as a 
r e l a y .  

I t  i s  l i k e l y  t h a t  t h e  antenna now used wi th  t h e  EVCS 
would r e q u i r e  some modi f ica t ion .  The EVCS antanna i s  a 
v e r t i c a l l y  p o l a r i z e d  whip w i t h  poor r a d i a t i o n  characterist ics 
i n  the d i r e c t i o n  above t h e  a s t ronau t .  A s h o r t  c i r c u l a r l y  
p o l a r i z e d  h e l i x  would provide a d d i t i o n a l  ga in  i n  t h i s  d i r e c t i o n .  
I t  should be noted t h a t  a t  some s i tes ,  such as Tycho and t h e  
Marius H i l l s ,  t h e  p r e s e n t  EVCS antenna would be s u f f i c i e n t  
because of t h e  l o w  e l e v a t i o n  ang le  o f  t h e  Ear th  a s  seen by t h e  
a s t r o n a u t .  
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Attachments 
Tables I and I1 



TABLE I 

1. 

2. 

3. 

4.  

5, 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

EARTH TO EVA COMMUNICATION PERFORMANCE 
AT LUNAR DISTANCE 

T r a n s m i t t e r  Equivalent  I s o t r o p i c  Radiated Power 

Po in t ing  and P o l a r i z a t i o n  Loss 

Free Space Loss (296.8MHz) 

Receive Antenna Gain 

Receive C i r c u i t  Loss 

Tota l  Received S igna l  Power a t  Moon 

EVCS Noise Spec t rq l  Density (T=2000°K) 

Bandwidth Required (6kHz) 

Tota l  Noise 

S igna l  t o  Noise Rat io  Required 

Modulation Loss (M=l.O) 

Tota l  S igna l  Power Required 

Ear th  based EIRP Required 

T r a n s m i t  Antenna G a i n  inc luding  losses ( 6 0  ' ) 
Required Transmi t te r  Power (P,) 

Pt dBW 

-2. OdB 

-193.9dB 

-3.0dB 

-3.0dB 

(Pt-201.9)dBW 

-195.6dRW/Hz 

37.8 

-157.8dBW 

10, OdB 

O.OdB 

-147. 8dBW 

5 4 ,  ldBW 

25.ldB 

2 9 .  OdBW 

or  approx. 1000  w a t t s  



TABLE I1 

1. 

2 .  

3.  

4 .  

5 .  

6. 

7. 

8. 

9.  

EVA TO EARTH COMMUNICATION L I N K  PERFORMANCE 
AT LUNAR DISTANCE 

EVCS Transmitted EIRP ( P t =  -3.0dBW L t =  -3.0dB) 

Po in t ing  and P o l a r i z a t i o n  L o s s  

Free Space Loss (259.7MHz) 

Receive Antenna Gain (TLM-18) 

Receive C i r c u i t  Loss 

Total  Received S igna l  

Receiver Noise S p e c t r a l  Density (T=lOOO°K) 

Received S igna l  t o  N o i s e  Density R a t i o  (S/No) * 
Required S/No for Apollo Key Mode 

-6.  OdBW 

-2.  OdB 

-192.8dB 

26.0dB 

-2.  OdB 

-176.8dBF7 

-198.8dB/Hz 

2 2 .  OdB-HZ 

20.8dB 

* N o  demodulator bandwidth o r  r equ i r ed  s i g n a l  t o  noise  r a t i o  i s  
shown because a new demodulator would probably be r equ i r ed  f o r  
this a p p l i c a t i o n .  The Apollo key demodulator r e q u i r e s  a -10.5dR 
s i g n a l  t o  n o i s e  ra t io  i n  a 1400 Hz bandwidth. A S/No of 22.0 
would be s u f f i c i e n t  s i g n a l  t o  o p e r a t e  a l i n e a r  d e t e c t o r  wi th  
p o s t  d e t e c t i o n  f i l t e r i n g .  (The Apollo demodulator has both  a 
l i n e a r  and a square l a w  d e t e c t o r . )  
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